The influence of multiple systemic factors upon the blood velocities obtained from the orbital circulations was investigated. The velocities obtained by colour Doppler imaging from the ophthalmic artery, central retinal artery, and vein from 95 ophthalmologicaliy healthy volunteers were analysed. The effects of age, systemic blood pressure, and smoking habit were examined. In 24 volunteers blood viscosity was also measured and its relation with blood velocity assessed. Age was weakly negatively correlated with the blood velocities in the ophthalmic artery and weakly positively correlated with resistance to flow in the retinal circulation. Systolic blood pressure showed a positive correlation with the peak systolic velocities in the arteries while cigarette smoking was associated with lower ophthalmic artery velocities. Increased haematocrit and viscosity were positively correlated with resistance to flow proximal to the ophthalmic artery and red cell rigidity negatively correlated with the pulsatility of flow in the retinal vein. These results help to identify the roles of systemic conditions in the ocular circulation. The influence of blood viscosity on retinal venous flow may be relevant to the pathogenetic mechanisms of conditions such as central retinal vein occlusion. (BrJ Ophthalmol 1995; 79: 17-22) Colour Doppler imaging allows examination of the pulsatile velocity of blood in the orbital vessels'"3 and has been used in the investigation of a number of vascular ophthalmic disorders."9 Although the effects of posture3 and intraocular pressure5' 1 have been investigated, the effects of various systemic factors upon the blood velocities obtained by this technique are as yet unknown. In this study the influence of age, systemic blood pressure, smoking habit, and arteriopathy were examined in a control population to determine their effect on these haemodynamic variables.
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In addition, blood rheology, which may have a profound effect on the blood flow of the eye and has been implicated in number of ophthalmic vascular disorders"-'' was examined in a group of volunteers also examined by colour Doppler imaging. The relation between the rheology of the blood and its pulsatile velocities was therefore investigated and interpreted with reference to the pathogenesis of ocular diseases.
Subjects and method

SUBJECTS
Ninety five volunteers were examined to provide control data and consisted of staff of the ophthalmology or radiology department at the Western Infirmary Hospital, Glasgow and relatives of patients attending the ophthalmology outpatient department. The volunteers were asked for history of general medical and ocular conditions, drug usage. Smoking habit was recorded as one ofthe following: (1) Non-smoker, (2) ex-smoker, (3) smokes less than 20 cigarettes each day, (4) smokes at least 20 cigarettes each day, (5) pipe or cigar smoker.
Subjects with a history of previous ophthalmic disorders were excluded. Systemic blood pressure was measured using a digital sphygmomanometer (AND Company, Japan). One orbit only ofeach volunteer was examined (right or left eyes were chosen by random number sequences). Hospital ethics committee approval was obtained and informed consent was obtained from all of the volunteers before examination.
COLOUR DOPPLER IMAGING
The examination protocol has been fully described previously.3 In short, the patients were examined by colour Doppler imaging using an Acuson 128 (Mountain View, CA, USA) with a 7 5 MHz probe with the subject in the supine position. After identification of the vessel of interest in the orbit by the use of coloured pixels on a video display unit (which denote Doppler frequency shifts), pulsed Doppler is used to obtain a spectral waveform of the velocity of the blood. Peak systolic velocity (PSV) and peak end diastolic velocity (EDV) in the ophthalmic and central retinal arteries and maximum peak velocity (Vmax) and minimum peak velocity (Vmin) CBV =PV x Exp (log WBV/PV x 45/Hct) where CBV=corrected blood viscosity, PV= plasma viscosity, WBV=whole blood viscosity, Hct=haematocrit.
Furthermore, by calculating relative blood viscosity from the ratio of haematocrit corrected blood viscosity to plasma viscosity the relative contribution of the cellular abnormalities (increased red cell aggregation and reduced red cell deformability) to the whole blood viscosity can be estimated:
Relative blood viscosity=CBV/PV Influence ofage, systemic bloodpressure, smoking, and blood viscosity on orbital blood velocities correlated to each other (r=0 34 and p=0 008 by Spearman rank correlation). Multiple regression analysis (including age and systemic blood pressure) confirmed the reduction in the velocities in the ophthalmic artery (both PSV and EDV were significantly correlated, b=-0-62) and the increase in resistive index in the central retinal artery (significant with b=0 3 1) and venous pulsatility index in the vein (significant with b=0'40) with age. SEX There were no differences found for the velocity results for males or females by multiple linear regression (including age and systemic blood pressure).
RIGHT OR LEFT EYES
No significant differences were found in the Doppler results from right or left eyes.
SYSTEMIC BLOOD PRESSURE
The systolic and diastolic blood pressure increased with age (both r=0-49 and p<0-0001). Multiple linear regression analysis (including age and systemic blood pressure) showed that the peak systolic velocity in both the ophthalmic and central retinal arteries significantly positively correlated with systolic blood pressure (ophthalmic artery b=0-56 and central retinal artery b=0 39, Fig 4) . Diastolic blood pressure showed no relation with the blood velocities. Fig 6A and B) .
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Haematocrit corrected and relative blood Fig 7A and B) .
in the density of the capillary network and reduced blood velocities in the macula with age which may be associated with this increased ussion resistance.'9 That the blood velocities appear interpretation of the results of any blood unaffected may reflect the need for the retinal analysis of the eye in the human must be circulation to attempt to maintain its blood flow irmed with care because of the complex despite increased resistance. Alternatively, the action of various parameters in haemo-reduced reproducibility of the velocities in these nmics. The .ver, was a weak one and accounts for only Cigarette smoking had the effect of reducing I part of the variations in the results between the peak systolic velocity and decreasing the individuals -for example, approximately resistive index in the ophthalmic artery only in of the variation in the ophthalmic artery those subjects who were still smoking and not -ities. In contrast the blood velocities in the those who had smoked in the past (ex-smokers). ------------77 -these associations may arise from increased In summary, the blood velocity recordings 100 -from the orbital vasculature, in addition to the B effects of age, are affected by systemic blood 80~pressure and cigarette smoking. The former should be measured and the latter avoided during studies using colour Doppler imaging. 
